Background: PPOS protocols, initially described for FP in women with cancer, have many advantages compared to antagonist protocols. PPOS protocols were not evaluated for women with endometriosis. The objective of the study was to describe fertility preservation outcomes in women with endometriosis and to compare an antagonist protocol with a Progestin-Primed Ovarian Stimulation (PPOS) protocol. Method: We conducted a prospective cohort study associated with a cost-effectiveness analysis in a tertiary-care university hospital. The measured outcomes included the numbers of retrieved and vitrified oocytes, and direct medical costs. In the whole population, unique and multiple linear regressions analysis were performed to search for a correlation between individual characteristics and the number of retrieved oocyte. Results: We included 108 women with endometriosis who had a single stimulation cycle performed with either an antagonist or a PPOS protocol. Overall, 8.1 ± 6.6 oocytes were retrieved and 6.4 ± 5.6 oocytes vitrified per patient. In the multiple regression model, age (p = 0.001), prior ovarian surgery (p = 0.035), and anti-Mullerian hormone level (p = 0.001) were associated with the number of retrieved oocytes. Fifty-four women were stimulated with an antagonist protocol, and 54 with a PPOS protocol. A mean of 7.9 ± 7.4 oocytes were retrieved in the antagonist group and 8.2 ± 5.6 in the PPOS group (p = 0.78). A mean of 6.4 ± 6.4 oocytes were vitrified in the antagonist group and 6.4 ± 4.7 in the PPOS group (p = 1). In the cost-effectiveness analysis, the PPOS protocol was strongly dominant over the antagonist protocol. Conclusion: Fertility preservation procedures are feasible and effective for patients affected by endometriosis. Antagonist and PPOS protocols were associated with similar results but the medico-economic analysis was in favor of PPOS protocols.
Background
Endometriosis represents a major public health challenge. Although its incidence is still difficult to assess accurately, it is thought to affect 10% of women of reproductive age worldwide and up to 40 to 50% of infertile women. In France, an estimated 2.1 to 4.2 million women are affected by endometriosis which is responsible for 30 to 40% of cases of hypo-or infertility [1] [2] [3] [4] .
In France, fertility preservation (FP) is authorized and has been fully covered by the healthcare system since the 2004 Bioethics Laws (modified in 2011) especially for women with potentially fertility-associated disorders such as endometriosis [5, 6] . At the same time, with the worldwide trend of delaying childbearing in developed countries [7] [8] [9] , the motivation for FP is growing.
Among the various techniques reported for FP (oocyte cryopreservation, freezing of embryos, and ovarian cortex cryopreservation) [10] , oocyte cryopreservation has been reported to be the best option because of its low negative impact on ovarian reserve and low associated morbidity compared to other FP techniques [11] .
In this setting, several ovarian stimulation protocols, originally developed for assisted reproduction technology (ART), have been used for FP especially for women with cancer. Recently, Kuang et al. described a progestinprimed ovarian stimulation (PPOS) protocol using exogenous progesterone to replace the GnRH agonist or antagonist in the follicular phase [12] . In their retrospective cohort study, compared with an antagonist short protocol the number of mature oocytes retrieved and the number of frozen embryos were not significantly different [13] . However, to the best of our knowledge, published data assessing the most effective stimulation protocol in the context of endometriosis are scarce.
Therefore, the aim of the current study was to analyze FP outcomes in women with endometriosis and to compare an antagonist protocol with a PPOS protocol in terms of FP outcome (retrieved and vitrified oocytes) and cost-effectiveness.
Methods

Study setting and patients
The data of all women diagnosed with endometriosis and referred for FP from July 2015 to October 2018 were extracted from the prospectively maintained database of Tenon University Hospital.
Inclusion criteria for FP were: i) age < 40 years, ii) endometriosis with ovarian cysts with and without deep endometriosis (DE), and iii) alteration of ovarian reserve (antral follicle count (AFC) < 10 and/or anti-Mullerian hormone (AMH) level < 2). Indications for FP were systematically validated by a multidisciplinary committee.
Procedures
After having received relevant information and participated in a conference explaining the modalities of FP, each patient could choose whether to undergo a single cycle of the antagonist or PPOS protocol. Any patient on long-term oral progestin treatment who chose the antagonist protocol had to stop her progestin treatment and the protocol was started on the 1st or 2nd day of a natural cycle. For the PPOS protocol, patients could continue their long-term oral progestin treatment and start the protocol when they wished. Patients in the PPOS protocol without long-term oral progestin treatment started an oral treatment by desogestrel at the same time as ovarian stimulation, on the 1st day of a natural cycle. In both groups, gonadotropin (150/450 UI FSH or HMG) was injected daily according to body mass index (BMI), AMH and AFC. The dose of gonadotropins was monitored and adapted using transvaginal ultrasonography (assessing follicle number and size) and blood tests (luteinizing hormone (LH), estradiol (E2) and progesterone serum levels). In the antagonist protocol group, a GnRH antagonist (Ganirelix, orgalutran® MSD France) was injected daily from day 6 to the trigger day. When three dominant follicles reached 18 mm in diameter, the final stage of oocyte maturation was triggered with the use of 0.2 mg triptorelin (Decapeptyl; Ferring Pharmaceuticals) or Ovitrelle® 250 μg (Serono Europe limited lab). Transvaginal ultrasound-guided oocyte retrieval was performed 34-36 h after the trigger. All follicles with a diameter > 10 mm were retrieved. The aspirated oocytes were frozen by vitrification on the day of retrieval.
Outcome measures
The primary outcome measure was the number of oocytes retrieved during the cycle. Secondary measures included the number vitrified oocytes, the rate of moderate/severe ovarian hyperstimulation, the rate of cycle cancellation due to insufficient ovarian response and the rate of LH surge incidence (LH level > 10 UI/l).
Cost-effectiveness analysis
We considered all direct medical costs related to the FP procedure. The treatment doses, number of consultations, blood tests performed, and number of transvaginal ultrasonography exams were recorded for each patient applying the national regulated price (in 2018) for each element [14, 15] . We assumed non-medical costs (transport, daily allowances …) to be zero. As FP procedures are fully covered by the public health insurance in France and no extra services were charged, we also considered out-of-pocket expenditure to be zero. The temporal horizon was the duration of the cycle. Consequently, actualization processing was not necessary [16] .
Statistical analysis
Patient characteristics, biological and sonographic parameters during the cycle and the number of oocytes retrieved and vitrified in each protocol were compared using Student test and χ 2 tests. Statistical uni-and multivariate analysis were performed. For the medicoeconomic analysis, the protocols were compared on the basis of their effectiveness and costs. We performed all analysis using Stata/IC 14.0 and Excel 2013 software.
Ethical approval
Prospective recording of data was approved by the French Authority, the Advisory Committee on Information Processing in Healthcare Research (ID-RCB: 2018-A01141-54).
Results
Characteristics of the population
A total of 196 women were referred for FP during the study period. Among them, 108 fulfilled the inclusion criteria and constituted the study population ( Fig. 1 : flow chart).
The mean age was 30.3 years, mean serum AMH level 2.0 ng/ml, and mean AFC 11.3. Nearly all of the women (92%) had DE including 42.7% with digestive involvement. Moreover, 70.4% of the women had a history of endometrioma. Before stimulation, 88 patients (82.2%) were on oral progestin treatment. For the PPOS group, the progestin was promegestone (n = 23), chlormadinone (n = 22), medrogestone (n = 3), acetate of nomegestrol (n = 3), or desogestrel (n = 3). Patient characteristics were statistically comparable between the two groups ( Table 1) .
Outcomes
Ovarian stimulation
No significant differences were observed between the PPOS and antagonist protocols in terms of total dose of gonadotrophin (p = 0.281), duration of treatment (p = 0.58), trigger method (p = 0.071), E2 and progestin levels on the trigger day (p = 0.678 and p = 0.44, respectively). Stimulation parameters and hormone levels are reported in Table 2 .
Fertility preservation results ( Table 2) Overall, the protocols resulted in 8.1 ± 6.6 retrieved oocytes and 6.4 ± 5.6 vitrified oocytes per patient. The mean ± standard deviation of oocyte retrieved in the antagonist group and the PPOS group were 7.9 ± 7.4 and 8.2 ± 5.6 oocytes, respectively (p = 0.78). The mean ± standard deviation of oocytes retrieved in the antagonist group and the PPOS group were 6.4 ± 6.4 and 6.4 ± 4.7 oocytes, respectively (p = 1).
Multivariate regression model
In the multiple regression model, age (p = 0.001), prior ovarian surgery (p = 0.035), and the AMH level (p = 0.001) were associated with the number of retrieved oocytes. The presence of DE (versus superficial endometriosis alone), the location of endometriosis, the presence of endometrioma during the stimulation and the size of endometriomas were not associated with the number of retrieved oocytes (p > 0.05) ( Table 3) .
Medico-economic analysis
No differences were observed between the protocols in terms of duration of the stimulation, the total dose of gonadotropin, the number of consultations (n = 2), the number of blood tests (n = 2) and the number of ultrasonography exams (n = 2) during the stimulation period. No complications occurred either during the stimulation or oocyte retrieval procedures. Consequently, the differences in costs between the two groups were for the GnRH antagonist for the antagonist group and the oral progestin treatment for the PPOS group. For the antagonist group, the mean duration of GnRH antagonist treatment was 6.4 days (cost per day: €34). A total of 341 days of treatment was required amounting to a total cost of €11,600 (i.e. €215 per patient).
For the PPOS group, the mean duration of progestin treatment was 13.2 days (cost per day: €0.31). A total of 713 days of treatment was required amounting to a total cost of €319 (i.e. €6 per patient).
Thus, the incremental cost of the antagonist protocol was €11,281 (i.e. €209 per patient). Both protocols were equivalent in terms of PF results. Consequently, the PPOS protocol was strongly dominant over the antagonist protocol. 
Discussion
To our knowledge, this is the largest observational cohort study analyzing FP results for women with endometriosis, and the first to compare PPOS and antagonist protocols in this setting. We demonstrate that both protocols result in a similar number of retrieved oocytes and vitrified mature oocytes. In addition, in the whole population, age, prior ovarian surgery, and the AMH level were strong prognostic factors of PF outcome. The incremental cost of the PPOS protocol was €11,281 (€209 per patient) for the antagonist protocol making the PPOS protocol strongly dominant over the antagonist protocol. The role of FP for patients with endometriosis is a major issue. The association between endometriosis and infertility is well recognized [4, 17] , and several mechanisms have been implicated. The progressive loss of the follicle reservoir either spontaneously or after ovarian surgery is frequently observed [18, 19] and is often responsible for impaired fecundity, poor results in ART and an increased risk of premature ovarian failure. In this specific setting, we report the largest cohort (n = 108) to assess FP outcome for women with endometriosis. In 2018, Raad et al. published a retrospective cohort study of 62 women with endometriosis [20] . Forty-nine patients completed at least one cycle with similar stimulation parameters as in our study (mean stimulation duration: 11.1 (±2.7) days; mean dose of gonadotropin used: 3634 (±1656) IU). In their series, the mean number of retrieved and vitrified oocytes were 9.5 (±6.1) and 7.2 (± 4.9), respectively. In contrast to Raad et al.'s series, our patients were younger (30.3 vs. 33.9 years), more often affected by DE (92% vs. 45%) and had lower AMH levels (2.1 vs. 2.3 ng/ml) and AFC (11.3 vs 13.0 follicles), potentially explaining the lower number of retrieved and vitrified oocytes in the current study. In the multivariate analysis, we also demonstrated that age, prior ovarian surgery and AMH levels were independent predictive factors of FP outcome. We thus suggest that FP should also be considered in patients at early stages of endometriosis when a reduced ovarian reserve is identified.
Several reports have studied the use of PPOS protocols for in vitro fertilization (IVF) procedures for women with endometriosis-associated infertility and found them to be more effective than other stimulation protocols [12, [21] [22] [23] [24] [25] [26] . Indeed, a PPOS protocol has several advantages. It requires fewer injections than a conventional protocol, and may thus be considered more "userfriendly" for the patients. Moreover, patients with symptomatic endometriosis are usually under progestin treatment that can be continued for the initiation of a PPOS protocol. Finally, it should avoid the occurrence of painful menstruations before the ovarian stimulation, improving the tolerance of the procedure. PPOS protocols are thus easier to plan for both the physician and the patient. The PPOS protocol is also significantly cheaper, saving €209 per patient, and consequently strongly dominant over the antagonist protocol. We observed that the mean number of vitrified oocytes was 6.4 oocytes. Considering that the overall survival rate of vitrified oocytes has previously been evaluated at 85.2% (95% CI 83.2-87.2) [27] , and that at least 8-10 metaphase II oocytes are required to achieve a pregnancy [27] , most patients will require at least two cycles of ovarian stimulation for an effective FP, reinforcing the efficiency of the PPOS protocol.
The issue of FP for women with endometriosis is attracting interest worldwide. In 2018, the National French College of Obstetrics and Gynaecology (CNGOF) included FP in the guidelines for endometriosis management. These guidelines state that FP should be proposed to: (1) patients with endometrioma, especially in the case of bilateral endometriomas or a history of ovarian surgery and, (2) patients with isolated DE [28] . However, these recommendations are based on limited existing literature data and the indications deserve to be clarified by continuous data collection together with growing experience with FP in the context of endometriosis, taking both the economic burden and success rates into consideration.
In our cohort, a large part (41%) of the patients referred for a FP consultation and retained by the multidisciplinary committee had not undergone an FP procedure at the time of the study. This is somewhat surprising given that FP procedures are fully covered by the public health insurance in France. Nevertheless, we do not know how many of these patients (1) refused to undergo an FP procedure or (2) had planned a procedure which had not been performed at the time of the study. The causes for potential refusal should be explored in future studies to better select patients (and hence to decrease the cost of exams required for planning an FP procedure), and to improve patient information about the objectives and interests of FP in endometriosis.
Our study has several limitations. First, it was not a randomized-controlled trial and the choice of a protocol was based on patients' preferences. The number of patients in each group was the same because of chance. Even though the two groups were comparable on observable parameters, we cannot exclude that unobservable parameters may differ and bias the results. Second, during the initial evaluation most of the patients were on hormonal treatment (80% were taking oral progestin). The effect of hormonal treatment on AMH level remains a matter of debate [29] , but few studies suggest that progestin drugs tend to decrease AMH levels [30] . Third, we chose the number of retrieved and vitrified oocytes as outcome measures. No data about the oocyte quality or pregnancy outcomes after fertilization were available due to the short follow-up. Four, we assumed direct non-medical and productivity costs to be zero in our medico-economic analysis. Indeed, these data were unavailable in the database and no estimation could be extracted from the literature. However, in our experience, no physician prescribes medical transportation or sick leave for FP.
Conclusion
Our results highlight that FP procedures are feasible and effective for patients with endometriosis, even if several cycles will be required for most patients. Antagonist and PPOS protocols are associated with similar outcome in terms of number of retrieved and vitrified oocytes with a medico-economic analysis in favor of PPOS protocols. We suggest that data should be collected on a continuous basis to further clarify indications for FP in the context of endometriosis, taking both the economic burden and success rates into consideration.
